INTRODUCTION
The immune reactivity of circulating lymphocytes and monocytes may not reflect events mediated by lymphoid cells in the tissues; nonetheless, peripheral blood has been used almost exclusively as the source of cells for immunological studies in gastrointestinal cancer, inflammatory bowel disease, and gastrointestinal autoimmunity. Tissue-based immunological responses may be influenced more directly by fixed lymphoid elements rather than those that circulate. To understand the role of these cells in disease states
Received for publication 25 October 1976 and in revised form 3 January 1977. (1, 2), a knowledge of their basic immunological properties is required. This report describes a method for the isolation of viable human intestinal mucosal lymphoid cells and compares their functional immune characteristics with those of circulating lymphocytes and monocytes.
METHODS

Lymphoid cell isolation
Isolation of intestinal mucosal lymphoid cells. The procedure for the isolation of intestinal lymphoid cells is depicted in Fig. 1 . Colonic tissue was obtained at surgery from three patients with villous adenoma, four with adenocarcinoma, three with diverticulitis, and two with Crohn's disease. All tissues used were from sites at least 10 cm from areas of disease involvement and were histologically normal in appearance. The specimens, 10-20 cm2 in area, were transported and washed in cold (4°C) tissue culture medium, RPMI 1640 (Grand Island Biological Co., Grand Island, N. Y.) containing an antibiotic mixture (100 U/ml penicillin, 50 U/ml Fungizone, and 100 ,ug/ml streptomycin, GIBCO) and 50 ,Lg/ml gentamicin. During preliminary washing, a soft rubber policeman was used to remove debris without damage to the specimen. The mucosa was dissected free of underlying musculature along the fibrous connective tissue layer and all remaining strands offibrous tissue were carefully removed. After briefly washing the mucosa in calcium-and magnesium-free Hanks' balanced salt solution (CMF-HBSS),' it was cut into smaller (2 x 2-cm) pieces. Incubating these with stirring for 15 min at 22°C in CMF-HBSS containing 1 mM dithiothreitol (DTT) effectively removed adherent mucus. The tissue was again washed in CMF-HBSS and incubated with sitrring at 37°C for 90 min in 100 ml of CMF-HBSS containing 0.75 mM EDTA. The pH was maintained continuously between 7.2 and 7.4 by addition of 10%o NaHCO3. During this incubation, intact viable epithelial cell crypts were dissociated from the tissue. This step was repeated until crypt epithelium was no longer ' Abbreviations used in this paper: CMF-HBSS, calciumand magnesium-free Hanks' balanced salt solution; Con Erythrocyte rosetting techniques. The thymus-derived (T) lymphocyte subpopulation was enumerated by the formation of spontaneous rosettes with sheep erythrocytes according to the method of Jondal et al. (7) . "Activation" rosettes, those formed immediately upon exposure to sheep erythrocytes, were assessed according to the method of Wybran and Fudenberg (8) . Thymus-independent lymphocyte subpopulations, which form rosettes in the presence of antibody and complement (EAC), were enumerated according to the method of Ehlenberger and co-workers (9) .
Monocytelmacrophage monolayers. Monolayers of peripheral blood monocytes or mucosal macrophages were prepared by injecting 4-6 x 10" mononuclear cells inMinimal
Essential Medium with 10%o heat-inactivated pooled human AB serum into Sykes-Moore tissue culture chambers (Bellco Glass, Inc., Vineland, N. J.) and allowing the cells to adhere to the base cover slip for a 60-min period (10) . Nonadherent cells were removed by rinsing with fresh medium. These monolayers were maintained in culture in Human Intestinal Mucosal Lymphoid Cells Properties ofintestinal lymphoid cells (Tables I  and II) Lymphocyte morphology. The colonic lymphocytes, in comparison with those of peripheral blood, showed greater heterogeneity in size and nuclearcytoplasmic ratio, and more of the cells had basophilic cytoplasm and nucleoli. The colonic cell population also showed a greater degree of rosette-like association between lymphocytes and macrophages (Fig.  3D ).
Membrane characteristics ofintestinal lymphocytes.
Erythrocyte (E) rosetting-, "activated" E-rosetting-, EAC-rosetting-, and membrane immunoglobulin-positive cells, as well as cells lacking the E-rosetting property and membrane Ig ("null" cells) are shown in Table I Macrophage-monocyte morphology (Table I , Fig. 4 ). Approximately 10% of intestinal mononuclear cells had the properties of macrophages (Fig. 4A) , showing large size (14-25 ,um) rapid and sustained adherence to glass in the presence of serum (10) Significant differences in membrane properties were also apparent between the two populations. Bone marrow-derived (B) lymphocytes, by the dual criteria of the presence of membrane immunoglobulin and EAC-rosette formation, were significantly increased. In part, this increase may have occurred at the expense of the null cell (E-rosette-negative, membrane immunoglobulin-negative) population, an idea consistent with emerging concepts of B-lymphocyte maturation. In this regard, others have shown that a considerable proportion of isolated null cells, upon in vitro culture, acquire membrane immunoglobulin and the capacity to synthesize and secrete antibody (13) . Recent evidence (14) indicates that IgM and IgD are the major membrane immunoglobulins of peripheral blood lymphocytes and as such, represent the precursors of cells that will eventually synthesize and secrete IgG, IgA, and IgE. The presence in the colon of increased proportions of membrane IgG-, IgA-, and IgE-positive cells, many with plasma cell morphology, and the decreased proportions of cells bearing IgM and IgD supports the view that the intestinal B-lymphocyte population has undergone maturation. The single immunoglobulin class most prevalent in the membrane of intestinal lymphocytes was IgA, further emphasizing the specificity of IgA for the intestinal secretory immune system. As is apparent (4, 5) . The intrinsic membrane immunoglobulin of each lymphocyte contains only one of the two classes of light chains (K and X). Thus, the finding in the present study (Table II) that the sum of the cells positive with anti-K-and anti-X-reagents equalled the number staining with polyvalent anti-immunoglobulin antisera having both anti-K-and anti-X-activity is evidence that any cytophilic antibody (which would contain both types of light chain) had indeed been removed. Prevention of this artifact represents another advantage of suspensions of isolated cells over frozen tissue sections for immunological study.
Increased immunoglobulin production by intestinal cells could be predicted on the basis of these morphologic and membrane immunoglobulin observations. However, actual immunoglobulin synthesis was greater than that predicted purely on the basis of the increased number of B lymphocytes in the intestinal site. Thus, the intestinal cells are indeed elaborating immunoglobulin protein at a greater rate than the cells of peripheral blood. Locally produced antibody makes a quantitatively important contribution to the circulating immunoglobulin pool (15) , and functions within the secretory immune system to modulate the transmucosal passage of antigen (16) . It may also participate in antibody-dependent cellular cytotoxicity (17), a reaction which seems to be particularly relevant to inflammatory bowel disease (18) .
The divergent responses to Con A and PHA must reflect a basic difference between the two populations. Differential membrane binding of mitogen or actual differences in responsiveness are possible explanations. The fact that the two populations, when (19, 20) , the macrophage has been shown to be selectively cytotoxic for cancer cells (21) . Isolated macrophages of the intestinal mucosa showed increased size, granularity, spreading, sustained adherence, and phagocytic activity, which taken together reflect a state ofactivation (22) or matturation. Macrophage activation largely involves responses to the products of stimulated lymphocytes (19, 22) , and the intimate association of the two cell types in the lamina propria is consistent with such a mechanism.
The intestinal cell populations also contained up to 3% eosinophilic leukocytes. The eosinophil's chemotactic response to antigen-antibody complexes, selective phagocytosis of these complexes, and ability to modtulate the action of histamine (23), all reflect a responsiveness to immune events in the tissues.
Their presence suggests that mucosal lymphoid cells are actively responding to the local antigenic milieu that incltudes intestinal bacteria and their products.
As an interface with the environment, and as a site of involvement with malignancy and auitoimmune processes, the colon is a site of heightened immune activity. In addition, a break in the mucosal barrier from any cause would permit increased access of antigen to these activated lymphoid cells, thereby setting the stage for self-perpetuating immunologically mediated cell damage.
The intestinal lymphocyte/macrophage population may undergo the related processes ofactivation and matturation within the intestinal mucosa. In addition, cells that have undergone these changes elsewhere may preferentially "home" (24) on the intestinal site. McWilliams, et al.,2 after separation and reinfusion of mouse lymph node cells, present evidence that the acquisition of membrane IgA is a stimulus for the lymphocyte to home on the intestinal mucosa. Rudzik et al. (25) , in transfer experiments with rabbit Peyer's patch lymphocytes, find that IgA-containing cells repopulated the lamina propria of both the gut and bronchial tree. These authors suggest that antigenic stimulation in one site results in a common distribution of antibody-forming cells to other mucosal sites. Based on animal studies, it is felt that cells of the lamina propria are derived from immunoblasts, particularly of the B series, that entered the tissue from the circulation (24, 26) tisstues" (Peyer's patches and appendix) which come to be populated by small unstimulated lymphocytes. The immunoblasts, after uindergoing antigenic stimulation in sites such as mesenteric lymph nodes, enter the thoracic duct and general circulation to home on the intestinal lamina propria. Studies of the functional immune reactivity of isolated intestinal lymphoid cells have been few in number. Rudzik and Bienenstock (27) and Rudzik et al. (28) have used physical, nonenzymatic means of separating rabbit small intestinal lymphoid cells for study of tissue lymphocyte sub-populations. These rabbit small intestinal lymphoid cells were remarkably rich in null cells which bore neither a thymic antigen marker nor membrane immunoglobulin, a divergent finding from our present observations in human colonic tissue.
The use of intestinal lymphoid cells in suspension should allow further examination of the possibility that ulcerative colitis, regional enteritis, and glutensensitive enteropathy may result from misdirected local immune events initiated by intestinal antigens. Clancy (29) has recently reported the isolation by physical means of lymphocytes from human small intestine involved with regional enteritis. The cells were larger in size and exhibited higher rates of DNA synthesis than did control mucosal lymphocytes. In attempting to apply physical means, such as those employed by Clancy (29) , to the separation of human colonic lymphoid cells, we have encountered mucusinduced clumping, poor viability, and low cell yield, all of which limited attempts at characterization.
Human Intestinal Mucosal Lymphoid Cells
Preliminary results indicate that the sequential method of lymphoid cell isolation as described can also be applied to surgical samples of human small intestine with favorable results.
The induction and mediation of immune responses is characterized by a variety of complex cellular interactions. Effective study of tissue-based phenomena such as suppressor and helper cell function, lymphokine production and action, cytotoxic reactions, and the maturation, activation, and homing of immunocompetent cells demands that the cells involved be experimentally manipulated. The availability of isolated populations ofintestinal lymphoid cells should prove of value in furthering the understanding of these immune events.
